Cellular mechanisms of carotid intima-media thickening (IMT) are largely unknown. The receptor tyrosine kinase Axl is essential for function of both bone marrow (BM) and non-BM cells. We studied the mechanisms by which Axl expression in BM-derived cells (compared with non-BM-derived cells) mediates carotid IMT. Partial ligation of the left carotid artery resulted in a similar carotid blood flow reduction in Axl chimeras. Neither irradiation nor bone marrow transplantation had any effect on the 40% difference in carotid IMT between Axl genotypes. Axl-dependent survival is very important for intimal leukocytes; however, Axl expression in BM cells contributes to <30% of carotid IMT. Axl in non-BM cells has a greater effect on carotid remodeling. Expression of Axl in non-BM cells is crucial for the up-regulation of several key proinflammatory signals (eg, IL-1) in the carotid. We found that Axl is involved in immune activation of cultured smooth muscle cells and in immune heterogeneity of medial cells (measured by major histocompatibility complex class II) after carotid injury. Finally, a lack of Axl in non-BM cells increased collagen I␣ expression, which may play a critical role in carotid remodeling. Our data suggest that Axl contributes to carotid remodeling not only by inhibition of apoptosis but also via regulation of immune heterogeneity of vascular cells, cytokine/chemokine expression, and extracellular matrix remodeling.
mice as Axl ϩ/ϩ (CD45.1 ϩ ) for the present study. DNA isolation from tails and genotyping were performed as described previously. 11 All experiments were approved by the University of Rochester Animal Care Committee and were conducted in accordance with the NIH Guide for the Care and Use of Laboratory Animals and with American Heart Association guidelines (8th edition).
Primary Vascular Cell Culture
We established primary mouse aortic smooth muscle cell (MASMC) lines from Axl mice, as described previously. 15 There were no differences in cell growth between MASMCs harvested from Axl ϩ/ϩ and Axl Ϫ/Ϫ mice (data not shown). Mouse interferon-␥ (IFN-␥; 1000 U/mL; 24 hours) was used to stimulate major histocompatibility complex class II (MHC II) expression (measured by relative expression of the mouse H2-Ab1 gene) in Axl MASMCs at passage 4, as described previously for human vascular smooth muscle cells (VSMCs). 16 Control MASMCs were treated with PBS for 24 hours. mRNAs isolated from MASMCs and quantitative RT-PCR were assayed for mouse Axl, H2-Ab1, and GAPDH as described previously. 17 
Bone Marrow Transplantation
For detection of BM cells, we used a naturally occurring allelic variant of transmembrane CD45 glycoprotein in BM transplantation (BMT). The more common CD45.2 allele is carried by C57BL/6 mice, which is the background strain for our Axl Ϫ/Ϫ colony (CD45.2 ϩ ). The CD45.1 allele is carried by B6.SJL-Ptprc a Pep3 b /BoyJ mice (also on a C57BL/6 background). We used 5-to 7-week-old male mice for BMT. Briefly, BM cells were harvested from tibias and femurs of age-matched Axl Ϫ/Ϫ or Axl ϩ/ϩ donor mice. Before BMT, recipient mice were irradiated (9.0 Gy) to ablate the host BM, using an RS2000 irradiator (Rad Source Technologies, Suwanee, GA). Recipient mice were injected with 6 ϫ 10 6 donor BM cells via tail vein.
Flow Cytometry
Blood collection was done by the submandibular bleeding method without anesthesia. The ACK erythrocyte lysing buffer (Invitrogen, Carlsbad, CA) was used to lyse red blood cells. Flow cytometry analyses were performed using a six-color FACSCanto II system (BD Biosciences, San Jose, CA) and FlowJo software version 7.6.3 (Tree Star, Ashland, OR). The engraftment of the recipient BM was confirmed by analyses of the peripheral blood stained with a cocktail of CD45.1-fluorescein isothiocyanate and CD45.2-phycoerythrin antibodies (1:500; eBioscience, San Diego, CA) 6 weeks after injections. 18 
Carotid Artery Ligation
Upon successful BM repopulation, Axl chimeras were anesthetized with injection of ketamine (130 mg/kg i.p.) and xylazine (8.8 mg/kg i.p.) in saline (10 mL/kg) and maintained at 37°C on a heating pad. Reduction of blood flow in the left common carotid artery was achieved by ligation of external and internal branches as described previously. 19 We administered flunixin (Banamine; 2.5 mg/kg, i.p.) preoperatively, and then again 24 hours later if needed to alleviate discomfort. The Axl chimeras were allowed to recover and were housed individually under specific-pathogen-free conditions with 12/12 hours light/dark cycle for 2 weeks after the surgery. An ultrasonic transit-time volume flowmeter (Transonic Systems, Ithaca, NY) was used to measure common carotid blood flow, as described previously. 19 
Morphometry and Immunohistochemistry
For euthanasia, all animals were anesthetized with injection of ketamine (130 mg/kg i.p.) and xylazine (8.8 mg/kg i.p.). Tissues were perfusion fixed with 10% paraformaldehyde in sodium phosphate buffer (pH 7.0), as described previously. 19 Tissue processing, staining with H&E (Dako, Carpinteria, CA), and morphometry analyses (MCID image software version 6.0; Imaging Research-GE Healthcare Niagara, St. Catherine's, ON, Canada) of the 10 sections every 200 m from carotid bifurcation were performed as described previously. 19 Variations in carotid intimaϩmedia (or media) and adventitia areas were greater over a length of 2 mm in the ligated left carotid artery (LCA), compared with the contralateral right carotid artery (RCA) among Axl chimeras (see Supplemental Figures S2, B and C, and S3 , B and C, at http:// ajp.amjpathol.org). The compartment volumes were calculated based on lumen, intima, media, adventitia, and the external elastic lamina areas over the 1600-m length of the carotid artery. 19 Carotid cross-sections taken ϳ1 mm proximal from carotid bifurcation from Axl chimeras were doublestained with biotinylated CD45.1 (1:100) and CD45.2 (1: 100) antibodies (BD Pharmingen, San Diego, CA) with methyl green (Dako) counterstain. MHC II (OX6) antibody or collagen I␣ (Col I) were counterstained with hematoxylin, as described previously. 4, 20 A high temperature (120°C) was used for antigen retrieval with Decloaker solution (pH 6.0; Biocare Medical, Concord, CA) for 25 minutes for CD45.1/CD45.2. Primary antibodies were subsequently incubated at 37°C for 60 minutes, followed by incubation with polymer MM-HRP (CD45.1 ϩ ) and polymer MM-AP (CD45.2 ϩ ) for 20 minutes each (MM kits; Biocare Medical). The peroxidase-binding sites (CD45.1 ϩ , MHC II ϩ , and Col I ϩ ) were verified with 3,3=diaminobenzidine (Dako). The alkaline-phosphatasebinding sites (CD45.2 ϩ ) were validated by the Fast Red method (Vulcan Fast Red; Biocare Medical). For DNA fragmentation of apoptotic cells we used a Chemicon ApopTag peroxidase in situ apoptosis detection kit (Millipore Bioscience Research Reagents, Temecula, CA) with methyl green counterstain. 11 Vascular calcification was determined by staining carotids with Alizarin Red S with fast green counterstain. Images of immunoassayed carotid sections were captured at various magnifications (ϫ20 to ϫ60) with a SPOT Insight camera (Spot Imaging Systems-Diagnostic Instruments, Sterling Heights, MI) mounted on an Olympus BX41 microscope. We uniformly adjusted size and contrast of the images to meet journal guidelines (Adobe Photoshop CS3 version 10.0.1). Analyses of relative expression of the antigens in three to five mice (two to three sections/mouse) were performed using ImagePro software version 6.2. 21
Quantitative RT-PCR
In a separate set of Axl chimeras (n ϭ 3 per group of 4), carotids were harvested 2 weeks after the surgery and immediately frozen in liquid nitrogen as described previously. 17 Vascular RNA was isolated with a Qiagen (Valencia, CA) RNeasy micro kit, and amplified cDNA was isolated with a NuGEN (San Carlos, CA) Ovation RNA amplification system V2. 17 We assayed cDNA samples using an SABiosciences mouse inflammatory cytokines and receptors PCR Array (PAMM-011; Qiagen, Valencia, CA). Expression of the three housekeeping genes [␤glucuronidase (Gusb), hypoxanthine guanine phosphoribosyl transferase 1 (Hprt), and ␤-actin (Actb)] was the same across Axl mice. Therefore we chose these genes for normalization performed with an Excel-based template file from SABiosciences (Qiagen). We performed bioinformatics analyses of transregulation of transcription factors based on gene expression profiles from carotids across Axl chimeras, using the curated InnateDB resource (http://www.innatedb.ca).
Statistical Analysis
Data are expressed as means Ϯ SEM. We used JMP5.1.2 software (SAS Institute, Cary, NC) for statistical tests, except for multiple quantitative RT-PCRs. One-way analysis of variance with repeated measurements was used to evaluate differences among the morphometry data of carotids from Axl chimeras. Relative expression of immunoreactive markers was analyzed by nonparametric Wilcoxon test across Axl chimeras. Quantitative RT-PCR gene expression differences between two groups were analyzed by the Student's t-test. Analyses of the PCR arrays were done in three steps, using an Excel-based template from SABiosciences (Qiagen). First, the template automatically performed all C T -based fold-change calculations from the uploaded raw threshold cycle data. Second, it executed pairwise comparison between two groups of experimental replicates and defined fold-change and statistical significance thresholds. Finally, the obtained gene expression results were presented as dots on volcano plots with positive and negative cutoffs and P ϭ 0.05 indicated. The level of P Ͻ 0.05 was considered significant.
Results

Bone Marrow Transplantation between Axl Genotypes
To directly address the role for Axl-derived BM cells on vascular remodeling, we created Axl chimeras by BMT. . We successfully generated Axl chimeras with replaced peripheral blood cells of the opposite genotype ( Figure 1 , C versus A and D versus B). We concluded that engraftment in Axl chimeras is appropriate to study the relative contribution of BM and non-BM cells to vascular remodeling.
Carotid Remodeling in Axl Chimeras
The ligation procedure resulted in very similar carotid blood flow reduction in the common LCA across Axl chimeras ( Table 1 ). The Axl ϩ/ϩ ¡ Axl ϩ/ϩ chimeras had significantly thicker LCA, compared with Axl Ϫ/Ϫ ¡ Axl Ϫ/Ϫ chimeras ( Figure 2 , A and B). These findings are in agreement with our original observations in Axl littermates without BMT. 11 The RCA media volume was the same across Axl chimeras, but the LCA intimaϩmedia volume was lower in Axl Ϫ/Ϫ , compared with Axl ϩ/ϩ mice ( Figure  2D ). Relative changes in intimaϩmedia between chimeras of Axl genotypes were similar to those in Axl littermates. 11 Expression of Axl in BM cells did not increase LCA intimaϩmedia volume in Axl ϩ/ϩ ¡ Axl Ϫ/Ϫ chimeras, compared with Axl ϩ/ϩ ¡ Axl ϩ/ϩ ( Figure 2D ). However, Axl depletion in BM-derived cells in Axl Ϫ/Ϫ ¡ Axl ϩ/ϩ chimeras resulted in a 25% reduction in intimaϩmedia, compared with the Axl ϩ/ϩ ¡ Axl ϩ/ϩ group ( Figure 2D 
Carotid Leukocytes in Axl Chimeras
We were able to distinguish BM-derived cells in the carotid arteries after ligation across Axl chimeras using immunohistochemistry ( Figure 3 ). The majority of the CD45 ϩ cells were localized to the intima and adventitia ( Figure 3, A and B ). We recapitulated previous observations of higher levels of CD45.2 ϩ cells in the intima from Axl Ϫ/Ϫ mice, compared with CD45.1 ϩ cells in Axl ϩ/ϩ mice ( Figure 3, A and B ). Less than 0.05% of host CD45.1 ϩ cells were detected in the intima of chimeras with Axl Ϫ/Ϫ in BM cells ( Figure 3E ). However, there were no detectable CD45.2 ϩ (Axl Ϫ/Ϫ ) cells in the intima of carotids from Axl ϩ/ϩ ¡ Axl Ϫ/Ϫ chimeras (Figure 3E) . Thus, the Axl genotype of intimal leukocytes reflected CD45 expression in peripheral blood from Axl chimeras ( Figure 1 ).
Carotid Apoptosis in Axl Chimeras
More apoptotic cells were observed in the intima than in the media in ligated carotids from Axl Ϫ/Ϫ ¡ Axl Ϫ/Ϫ mice ( The Gas6/Axl pathway has been shown to increase survival and protected smooth muscle cells from calcium deposition in vitro. 22 However, we found no evidence of calcification in the remodeled carotids from Axl chimeras (see Supplemental Figure S4 at http:// ajp.amjpathol.org). Taken together, our data suggest that Axl-dependent pathways are crucial for survival of intimal leukocytes, but have a modest effect on carotid IMT (Figure 2 ).
Cytokine and Chemokine Expression in Carotids from Axl Chimeras
We evaluated expression of cytokines/chemokines and their receptors, to gain insight into mechanisms by which Axl in non-BM cells determines carotid IMT (Supplemental Tables S1-S3 at http://ajp.amjpathol.org). Five genes were significantly down-regulated in the ligated carotids with Axl depletion in both lineages ( Figure 4A ). In particular, reduced expression of interleukin-1␣ (Il-1␣), interleukin-1 receptor type 1 (Il1r), C-C motif chemokine 3 (Ccl3), and the C-X-C motif chemokines 1 and 5 (Cxcl1 and Cxcl5) was evident in carotids from Axl Ϫ/Ϫ mice. Even though carotid IMT was slightly reduced in chimeras with deleted Axl in BM cells, all five genes were expressed at lower levels ( Figure 4B ). However, one chemokine receptor (Ccr10) was up-regulated and eight more genes were down-regulated in chimeras with Axl Ϫ/Ϫ in BM cells. Depletion of Axl in non-BM cells resulted in even more genes being down-regulated ( Figure 4C ). In chimeras that lack Axl in BM or non-BM cells, expression of seven common genes (Ccl4, Ccl6, Ccl9, Ccr5, Itgam, Il1b, and Pf4) was decreased in ligated carotids ( Figure  4 , B and C). These findings suggest that Axl expression equally affects IL-1, chemokine, and integrin ␣-M (Itgam) signals by cells of both lineages during carotid remodeling. Importantly, deficiency of Axl in non-BM cells further decreased expression of five genes (Ccr1, Ccr3, C3, Il1r2, and Tnfrsf1b), compared with Axl ϩ/ϩ mice ( Figure  4C ). We found a very complex network of transcription factors that transregulate target genes in our experiments (see Supplemental Figure S5 at http://ajp.amjpathol.org). However, the most common transcription factors (linked to two to five target genes, including Foxa1, Aire, Sp1, and Elk1) were very similar in chimeras with different levels of expression of Axl. In contrast, a significant reduction of the complement component 3 (C3) gene may suggest a reduced antigen-presenting cell (APC) activity in chimeras with Axl Ϫ/Ϫ in non-BM cells ( Figure 4C ). It was documented 23 that C3 knockout (C3 Ϫ/Ϫ ) mice exhibited reduced stimulatory activity of APC and MHC II expression. Thus, we conclude that Axl expression is critical for immune activation of non-BM cells and by production of proinflammatory cytokines and chemokines during carotid remodeling.
Axl-Dependent Immune Modulation of Vascular Cells
We found that MASMCs harvested from Axl ϩ/ϩ and Axl Ϫ/Ϫ mice grew at the same rate, whereas levels of Axl were diminished in Axl Ϫ/Ϫ cultured cells (data not shown). Expression of MHC II was similar between unstimulated MASMCs from both Axl genotypes ( Figure 5 ). Intensity of MHC II was dramatically increased in outer medial layer in chimeras that express Axl in non-BM cells only (Axl Ϫ/Ϫ ¡ Axl ϩ/ϩ ; Figure 6A ). However, a dramatic up-regulation of MHC II was significantly attenuated in Axl Ϫ/Ϫ , compared with Axl ϩ/ϩ MASMCs after IFN-␥ treatment ( Figure 5 ). Moreover, ligation slightly increased MHC II in the media of Axl ϩ/ϩ ¡ Axl ϩ/ϩ , but not in Axl Ϫ/Ϫ ¡ Axl Ϫ/Ϫ chimeras ( Figure 6B ). Increase in MHC II has been correlated with reduction of Col I expression in smooth muscle cells. 24 Similarly, Col I was significantly increased in carotids from chimeras with deletion of Axl in non-BM cells and coincided with the absence of MHC II immunoreactivity ( Figure 6 , C and D). Increased expression of Col I in the intima-media ( Figure 6 , C and D) predicted lower values of carotid IMT ( Figure 2D ). In addition, adventitial deposition of Col I ( Figure 6 , C and D) correlated with reduced external elastic lamina in Axl chimeras (Figure 2F) . In summary, we found that Axl expression in non-BM cells controls MHC II, which determines the extent of the carotid intima-media thickening via regu- 
Discussion
The present findings provide new insights into mechanisms by which Axl contributes to vascular remodeling ( Figure 7) . First, Axl-dependent survival is very important for intimal leukocytes. However, Axl-dependent signals in BM-derived cells may explain Ͻ30% of carotid IMT. Second, Axl in non-BM cells has a much greater effect on carotid remodeling. Third, we found that Axl regulates immune heterogeneity of medial cells (measured by MHC II), which directs carotid IMT; we show, for the first time, that lack of Axl reduced activation of MHC II in cultured smooth muscle cells in response to IFN-␥. Fourth, depletion of Axl in non-BM cells caused a greater down-regulation of several key cytokine/chemokine signals (eg, IL-1) via a complex network of transcription factors in carotids. Finally, absence of Axl in non-BM cells increased expression of Col I and reduced carotid IMT. Taken together, our findings suggest that Axl contributes to carotid remodeling via regulation of immune heterogeneity of vascular cells, cytokine/chemokine expression, and extracellular matrix remodeling, in addition to the known function of Axl in survival (Figure 7 ). Our data from Axl chimeras are in agreement with a major role for non-BM cells on vascular remodeling (Figure 2D) . Most current efforts are focused on the origin of the intimal cells. 2 However, recent findings in experimental atherosclerosis suggest that intimal smooth muscle cells are derived from multiple origins and exhibit immune heterogeneity. 3 Notably, some subsets of endothelial cells, immune cells, and VSMCs expressed high levels of MHC II in the neointima in later phases after balloon injury in rats. 4 We found significant compensation of MHC II in the outer layer of carotid media in chimeras with Axl expressed in non-BM cells only ( Figure 6A ). This unique position of MHC II ϩ cells in the remodeled arterial wall may allow interactions with progenitor cells from multiple origins. This may also suggest that immune activation of non-BM cells is crucial for later phases in response to injury, as recently proposed. 25 Likewise, Axl was upregulated during later phases of neointimal proliferation in a rat balloon injury model. 10 The most plausible mechanism for Axl in non-BM cells is triggering of the PI3K/Akt pathway. 26 Activation of the PI3K/Akt pathway (by depletion of an inhibitor, PTEN) resulted in increased production of the chemokine Cxcl1 in murine VSMCs and enhanced intima formation. 27 We also showed that Axl is responsible for up-regulation of Cxcl1 in response to low flow (Figure 4) . A critical role for Axl in immune activation of VSMCs (by antigen presentation) is supported by significant reduction of C3 in carotids from chimeras with Axl Ϫ/Ϫ in non-BM cells ( Figure  4C) . A reduction of APC activity and MHC II was documented in C3 Ϫ/Ϫ mice. 23 IFN-␥ is a powerful stimulator of MHC II in human VSMCs. 16 However, the molecular mechanisms of MHC II up-regulation are incompletely understood. Activation of the PI3K/Akt/mTOR pathway has been implicated in IFN-␥ signal transduction. 28 In addition, immune heterogeneity of resident vascular cell (MHC II positivity) might be related to down-regulation of Col I expression. 24 Specifically, immune activation of smooth muscle cells up-regulated expression of major histocompatibility class II transactivator (CIITA) that increased MHC II gene expression and reduced Col I expression in vitro. However, we found no effect of Axl on CIITA in MASMCs (data not shown). Changes in extracellular matrix are very important for cell function (eg, migration) during vascular remodeling. Collagen deposition preceded inward remodeling after balloon injury, possibly via stabilization of the vessel wall. 29 Our findings in chimeras suggest that lack of Axl in non-BM cells shifted the balance toward more Col I over MHC II ex- pression, which reduced carotid remodeling ( Figure 6 ). Future studies are required for dissection of the molecular mechanisms of MHC II activation by Axl in smooth muscle cells. We found that Axl-dependent pathways are most crucial for survival of the BM cells in the intima (Figure 3) . Notably, apoptotic cells were positive in the intimal and the inner layer of the media of carotids from chimeras with Axl ϩ/ϩ in non-BM cells, whereas the outer medial layer was MHC II ϩ (Figures 4C and 6A) . Increases in apoptosis of VSMCs (by induction of human diphtheria toxin receptor) dramatically enhanced atherosclerosis by intimal inflammation, medial degradation, and calcification in proatherogenic (Apoe Ϫ/Ϫ ) mice. 30, 31 Experimental data in two mouse models of atherosclerosis (ApoE Ϫ/Ϫ and Ldlr Ϫ/Ϫ ) suggest that a clearance of apoptotic cells relies on Mertk. 12, 13 Lack of Mertk in BM and non-BM cells accelerated atherosclerotic lesions, because of excessive necrosis. However, subsets of innate immune cells can use different TAM receptors for the clearance of apoptotic cells. 32 In contrast to Mertk, loss of Gas6 had no effect on atherosclerotic plaque size, but dramatically changed composition of the plaque in Apoe Ϫ/Ϫ mice. 14 Similarly, we found that only deletion of Axl in both lineages increased intimal leukocytes (Figure 3E) . A relatively small human genetic study attempted to evaluate association of the GAS6 and TAM polymorphisms with carotid atherosclerosis. 33 The authors reported a very weak relationship between carotid atherosclerosis and GAS6 or AXL variants, which was contradictory to their previous reports on associations between GAS6 and stroke. 34 -36 Future experiments will be required to determine roles for AXL in atherosclerotic plaque composition and size in human and animal models.
Intima-Media
TAM receptors regulate survival and phagocytosis of innate immune cells. 37 In addition, triple-TAM knockout mice exhibited lymphoproliferative abnormalities, because of increased expression of proinflammatory cytokines by activated macrophages. However, this autoimmunity phenotype could be due to Mertk deficiency in leukocytes. 38 Gas6/TAM-mediated immune responses require interactions between multiple cell types, including vascular and immune cells. 8 These cell-to-cell interactions are responsible for neovascularization and tumorigenesis in breast cancer and are controlled by Axl. 39 Recent studies in the CT26 model of colon cancer 9 showed that this type of tumor growth progresses via production of the Axl ligand, Gas6, by infiltrating leukocytes. Our results in flow-induced carotid remodeling further emphasize a key role for Axl-dependent pathways for interactions between multiple cell lineages via production of proinflammatory cytokines and chemokines. The IL-1 receptor type I knockout (Il1r1 Ϫ/Ϫ ) mice reduced intima formation in response to complete ligation. 40 We can speculate that expression of Axl in both lineages is required for immune activation, even though the extent of reduction in blood flow was different in experiments on Il1r1 Ϫ/Ϫ (Ϫ100%) mice, 40 compared with our studies (Ϫ90%) in Axl chimeras. Recent microarray analyses discovered number of mechanosensitive genes in a similar mouse model of flow-dependent carotid remodeling. 41 Authors found significant over-representation of the immune pathways with up-regulation of three genes (Ccl4, Ccr5, and Spp1) that are controlled by Axl during carotid IMT (Figure 4) . Notably, integrin ␤ subunits (Itgb2, Itgb4, and Itgb7) are highly regulated in the carotid intima early after flow reduction. 41 We found that deletion of Axl in either lineage significantly reduced expression of Itgam in the carotid artery (Figure 4, B and C) . Intima proliferation and leukocyte recruitment to the carotid were attenuated in Mac-1 (Itgam) knockout mice after mechanical injury. 42 Therefore, increases in intimal leukocytes in Axl Ϫ/Ϫ ¡ Axl Ϫ/Ϫ chimeras may be explained, in part, through regulation of Itgam.
There are three potential limitations of the present study. First, a background mouse strain (C57BL/6) of Axl chimeras exhibits significant but relatively small carotid IMT, compared with other inbred strains. 43 Despite this disadvantage of the background, we were able to show that Axl expressed in non-BM cells was responsible for carotid IMT (Figure 2) . A second limitation is related to the Axl-mediated transcriptional regulation of cytokine/chemokine production in cell lineages. At this point, we were unable to identify specific transcription factor or factors regulated by Axl. Finally, activation of Axl has been reported in endothelial cells that are critical for survival. 44, 45 It is possible that Axldependent signals in endothelial or other resident cell types are important for carotid IMT. Nonetheless, based on in vitro experiments using MASMCs and MHC II expression patterns in the ligated carotids from Axl chimeras, it is likely that smooth muscle cells determine IMT (Figures 5 and 6 ).
In the present study, we identified a new mechanism by which residential wall cells orchestrate carotid remodeling by activation of Axl (Figure 7) . In particular, for the first time we show that Axl regulates immune heterogeneity of non-BM cells and extracellular matrix reorganization in the remodeled artery. We also identified several key cytokine and chemokine pathways, which are dependent on Axl during carotid IMT. Finally, Axl-dependent signaling protects intimal leukocytes against apoptosis. However, these prosurvival effects of Axl in BM-derived cells contribute to Ͻ30% of carotid IMT. Our findings provide new insights into immune modifications of vascular resident cells, by which Axl controls vascular remodeling.
